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FI ELD OF THE | NVENTI ON 10 "'P#ié&*present invention relates to clock drivers
and clock trees and, nor ingfi ly, to providing clock d2ividascta2602
clock trees with progra @m@@m characteristics IS In application
specific integrated circuits ) and Lp_other integrated circuits a

cl ock signal may be di stri buP®8t o t housands and per haps tens of thousands
of "locations”. This distribution is conventionally achieved using cl ock

ar ranged i 5 st ages wi RO ROV ERAREMRAR s B Rt RHLE Bt

representative clock tree provides a ICHARACIERISDICHLt put rati o at each

stage and has four stages, then the nunber of clock signal |ines increases
froml1l to 10, 10 to 100, 100 to 1,000 and 1,000 to 10,000 at stages 1-4,
respectively, This staged increase in the 25 nunber of signal |ines

provides a like increase in the nunber of simnultaneous or nearly

si mul t aneous @l ock signal transitions (e.g., from posidveN®rE)y: @mﬁgisygmaﬁ%s
vice versa). Since clock signal transitions are a source of el ectronmagnetic

interference (EM)) large nunbers of sinultaneous clock signal Reymeed Ai Bagis
produce an undesirably | arge amount of EM. This problemis further
exacerbated as sem conductor technol ogi es advance. 30 Reduction in

integrated circuit feature size | NCFIEAPSSFITHE MEVIENTYONf cl ock si gnal

transitions 21 March 2002 -2 per unit area. Furthernore, faster operating
spee tend to increase a circuit's sensitivity to EM and ot her

parasitics. 3Jg The present invention relates to clock drivers and clock trees and, more
specifically, to providing clock drivers and clock trees with programmable output
characteristics,
BACKGROUND OF THE INVENTION
15

In application specific integrated circuits (ASICs) and in other integrated circuits a
clock signal may be distributed to thousands and perhaps tens of thousands of "locations”,
This distribution is conventionally achieved using clock trees and a typical clock tree

consists of a plurality of buffer drivers arranged in stages with each stage having more

20 outputs than inputs,

If a representative clock tree provides a 1:10 input to output ratio at each stage and

has four stages, then the number of clock signal lines increases from 1 to 10, 10 to 100,
100 to 1,000 and 1,000 to 10,000 at stages 1-4, respectively, This staged increase in the

25 number of signal lines provides a like increase in the number of simultaneous or nearly
simultaneous clock signal wransitions (e.g., from positive to negative and vice versa).
Since clock signal transitions are a source of electromagnetic interference (EMI), large
numbers of simultaneous clock signal transitions produce an undesirably large amount of
EMI. This problem is further exacerbated as semiconductor technologies advance.

30 Reduction in integrated circuit feanire size increases the density of clock signal transitions



I n accordance with the present invention, there is provided a clock driver
circuit, conprising a first transistor unit having a first MOS transistor
coupl ed between power and an output and a second MOS transistor coupled
bet ween sai d out put and ground; 10 a second transistor unit2hawargh 2aobki rd
MOS transi stor coupl ed, between power and said output and a fourth MOS
transi stor coupl ed betvveen sai d output ang ground; and a clock signal input
coupl ed to each of said MOS transistors; wherein the sized of the gate of
at | east one of sald MOS transistors is different fromthat of the other
MOS transi stors, C S

di stribution CIpFCUI LIPJ an %Og%Bgsgércypaﬁﬁﬁ%séédﬂeg&ﬂgg‘gﬁ%e49%‘?‘Jtsggﬂiglg
cl ock signal dré EBMI satrothier ipafasiviesig a cl ock signal input and output; a
second stage circuit group including a plurality of second stage cl ock
signal 20 driver circuit each having a clock signal input and output) the
clock signal input of each of saikfhge AGE IavealgTehgnal driver
circuits being connected to the outp stage cl ock signal
driver circuig, and a plurality of third stage ci rcuit groups each

includingaplurali of third stage clack si driver, circuits, that each
have a clock signal }‘%/?Fﬁﬁ'fdaﬁ?fd‘v% g’fﬁ“’f‘H@"‘i“ﬁB t ‘%moé%ﬁi’a ac?? rgz“’f'h?lF‘iﬂm

stage cl ock S|g %nﬂﬁ ver circuits of a given th| rd stage circuit group
bei ng connecte € output of one of said second stage clock signal
driver circuits; mherfmstﬂrahhs&ochmckavmg;mﬁtst MO grnsistorceoupled dbteean gowercanddin

and third stage each | nc aral lel arr ement . of at ast fi rst and
a second trangPErPB'r ang 4 imog‘g@%otf%’ﬁtof F%‘}P&?C@{‘% CP‘?"FEE‘F&B 'fl rst MOS
transistor cgupl ed Q%éd&ﬁ@&aﬂﬁ%@{ urﬁﬂﬂwﬁf@ %B%OQ%nﬁst%ﬁ&%@d%wb@x@ power and

transistor coupl ed between said output and ground, and said Second
transi stor uni gaid optpupdohforrb MOS tapgistocaugled berveen saibOuEpuLsRd gowrd; @adipl ed

between power and saiflpYlRitn AR Aot bbb of said MOS transistors;

wherein the sized of the gate of at least one of said MOS transistors is different

from that of the other MOS transistors.

In another aspect, there is provided a clock signal distribution circuit for an
integrated circuit, comprising:
a first stage clock signal driver circuit having a clock signal input and output;
a second stage circuit group including a plurality of second stage clock signal
20 driver circuits each having a clock signal input and output, the clock signal input of each
of said second stage clock signal driver circuits being connected to the output of said first
stage clock signal driver circuit, and
a plurality of third stage circuit groups each including a plurality of third stage
clock signal driver circuits that each have a clock signal input and output, the input of
25 each of the third stage clock signal driver circuits of a given third stage circuit group
being connected to the output of one of said second stage clock signal driver circuits;
wherein the clock signal driver circuits of said second and third stage each include
a parallel arrangement of at least a first and a second transistor unit, said first transistor
unit including a first MOS transistor caupled between power and an output and a second

30 MOS transistor coupled between said output and ground, and said second transistor unit



MOS .t ransi stor coupl ed between said output and ground. The attai nment of
the foregoing and rel ated advantages and features of the 5 ;invention
shoul d be nore readily apparent to those skilled in the art, after review
of the following nore detailed description of the inventi on21 Atrgieht 2gepher
wi t.h the drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS 10 Fig. 1 is a
schematic diagramof a clock tree in accofdance with the present invention.
Fig. 2 is a schematic bl ock diagramof a clock signal driver circuit in
accordance with the present invention. Fig. 3 is a schematic block diagram

of” sel ection I,0gi e in circuit 100 of 1 S Fi 2 in accordance
with the pr ese‘ﬂau&ﬁ ﬁ%f‘{)ﬁb%ﬁﬁtsﬁfﬁ bﬁ%&%@?%ﬁ@?ﬁ?‘ﬁé’“@&t = “.‘?Ol‘f'ga
schematic bl oqhoglﬁﬂgmgguﬂcﬂ@@&ntsra@eomﬁt%@ iflagmce with ?0 the present

invention is shown. The enbodi nent of Fig. iMustrates a representative
cl ock tree having four stages t hough it shoul d be recognised that the
clock tree may have. nore or ta epartin romthe present
i nvention. Cock tr ?WP&,%Z@ %’53%6%3«3”965 ag %‘ﬂ%ﬁa&s&é‘@ﬁv&gﬁ%nal ly a
crystal 05C'$'1ﬁ¢'é%ho§§hdﬁ!d taétaote #&dily’s ggh&ﬁkto&h&é%kxll@&”nptﬂe akt, ARSRWeHof d S
propagated over line 9 to a first st buffer driver 11 (hereinafter
referred to asobdowidgimoge tgtailethdeseniptiontof ¢fe idvéndien taken iagethet imith tixidrawings.
plurality of second stage (20) drivers) four of which are shown (2x-24).
While four are shown, it should be recognl zed that this nunber can be as

| arge or as small as permtt y P T 1En CHE I rmning factors
such as i npedance, conduct or 30 21 I\/arch 2007 -4 ength) etc. The outputs
of the 21 March 2002 second stage drivers are in turn coupled to the

i nput oz thjtgd sta Vers
are siml ar?@ coup?ﬁ %qf%ﬁ& Jﬁ{{: a}rﬁﬁﬁga)& g?r\félrﬁga 8}%&%&&%‘%},&&
illustrated erbedtioent, clock signals output fromb5 the fourth stage are

delivered to their destlnat on (functj.onal logjc) that. is indicated
oads 5156, 1t shEi-d Ba FeTEHINEE 4Hn o8 Chek SR et R B aacorfagee
nunber of drlwﬁghsmg\f?}ggéﬂmg{]ﬁtage i s dependent upon the nunber of

| ocations to which the clock signal need be

Fig. 3 is a schematic block diagram of selection logic 231 for use in circuit 100 of

15 Fig. 2 in accordance with the present invention.
DETAILED DESCRIPTION

Referring to Fig. 1, a schematic block diagram of a clock tree in accordance with
20 the present invention is shown. The embodiment of Fig. 1 illustrates a representative
clock tree having four stages, though it should be recognized that the clock tree may have
more or less stages without departing from the present invention.

P

Clock tree 5 includes a clock source 8§ which is conventionally a crystal oscillator

8]
U

or the like. A clock signal output from source 8 is propagated over line 9 to a first stage
(10) buffer driver 11 (hereinafter referred to as a "driver”). The output of driver 11 is
delivered to a plurality of second stage (20) drivers, four of which are shown (21-24).
While four are shown, it should be recognized thar this number can be as large or as small

as permitted by known fanout or load determining factors such as impedance, conductor



10. delivered and the fanout ability of each driver, etc., as is generally
known. I n accordance with the present invention, sone or all of the drivers
(11, 21-24, 31-35, 41-46) are configured such that they permt programrmabl e
shaping of their output 15 clock signal. The drivers may bg %&ﬁgd@ﬁi
individually, in sets (e.g., drivers 31-33, 34-36, 41-43 and - nay each
be considered a "set" of drivers), in stafjes or as otherw se desired by a
circuit designer. It should be recognized that the provision of
programuabl e cl ock signal 20 shaping may be nore critical fir. the latter
Stages of the lehgsbketer d&e Eutpus odsbet he third and fourth stages of Fig. 1)
because the nunber of nearly sinultaneous clock signal transitions is

i ncreased at these stages. It should al so be recogni zed that staggering the
timng or shape of the 25 clock signals output fromthe second stage
drivers 21-24 creates staggered clock signal transitions throughout clock
tree 10. The ability to program output clock signals is a function of the
design of the drivers (as discussed in nore 30 detail below with reference
to Fig. 2) and the delivery of appropriate control signals. Wile control
signals may be delivered in many known manners (including tying inputs to a
particular logic state, etc.), in a preferred enbodi nent, select |lines nO
are provided that propagate signals from35 control logic 70. Control |ogic
70 preferably includes one 21 March 2002 -6 or nore data registers and a
processor that wites control/select bits to the data registers. The data
registers hold the value of a clock driver selection signal as discussed
bel ow. Referring to Fig. 2, a schematic block diagram of a clock signa
driver circuit 1Q0 in accordance with the present invention is shown. Each
of the drivers 11, 21-24) 3136, and 41-46 may be configured to include
driver circuit 100. It is not necessary to configure driver 11 with
programuabl e out put characteristics if it is the only first stage buffer
fromsource 8. It is preferred, however, that the ocher drivers or sets or
subsets thereof are configured to provide progranmuabl e out put
characteristics. Fig. 2 illustrates that driver circuit 100 has a plurality
of transistor units 10 conprising CMOS transistors 1 10,120, 130.
Appropriate conbi national |ogic, such as an AND gate or the like
(111,121,131)) is coupled to the gate of the PMOS and NMOS transistors
112,122,132 and 113 ) 123,133, respectively, to control current flow

t heret hrough. An input clock signal is delivered online 105 to each of the
AND gates. Another input to each of the AND gates is a select |ine such as
one of the select lines 60 15 of Fig. 1. Each of the select lines 60
preferably includes a plurality of individual transistor control |ines.
Three control lines 161-163 are shown in Fig. 2. Athree bit representative
sel ection signal of "101" is indicated as being delivered by these |ines.
The val ue 101 (or other value delivered by the control lines) is stored,
for exanple, in the data register of control logic 70. 20 The out put of
each CMOS transistor is coupled to a common output line to which |oad |50
is coupled. The circuit or other conponentry driven by driver circuit 100
is represented generally by |load 150. Each | oad has an appreciabl e

capaci tance associated therewith and this 7 21 March 2002 capacitance is
represented in phantomlines by capacitor 151. Wile clock signals
propagating through drivers are often illustrated as having a crisp square
wave form in 5 reality these clock signals have rounded corners or, from
anot her perspective, curved or sloping transitions. The rounded corners and
curved transitions are a result, at least in part, of the tinme constant
created by inherent or parasitic resistance in the clock signals current
path and 1o capacitance 151 in the load. G rcuit 100 permts selection of
the value of resistance in the clock signal's current path (within the
driver) and this selected value in conbination with the capacitance of the
| oad creates a time constant that 15 determ nes the shape of the output
clock signal transitions. The provision of selectable tinme constants
permts a circuit designer to soften and/or separate clock signa
transitions. The softened and/or spaced clock signal transitions result in
significantly reduced EM and 20 rel ated noise. Referring nore specifically
to the enbodinent of Fig. 2, select/control lines 161-163 permt a user to
sel ectively enable CMOS transistors 110, 120,130. Each enabl ed CMOS

transi stor effectively functions as a voltage 25 divider with the necessary
resi stive conponents being provided primarily by the surface area dependent
resi stance value of the gate(s). Accordingly, if the three CMOS transistors

[ o M o, M - - - R N M N



30 possible resistive values, those val ues provided by enable one, two or
three of the transistors. Alternatively, the CMOS transistors nay be
configured such that one or nore have differently sized gates. For exanple
if each of transistors 110,120,130 have a didfferent sized gahepmsrbe™

desi gner may sel ect from anongst seven possible resistive 8 21 March 002
val ues for circuit 100. These include the follow ng enabl ed CMOS transi stor
scenarios (which are followed by their selection signal as propagated on
lines 161-Z763 i.secpaderstmpesdriddOs (40k) ,m12@u(r016)up18@ t@0khe 14P4126c

5 (110), 110+130_(101), ,120+1 ( ).and 110+120+13 111 It,should algo
be recogni zed th§§ i I5&36Re gggséﬁHW%ﬁﬁyﬁh(% %.%W% &ﬂl??ggt Age3dF4vEES
CMOS enbodi nment , acke mwwxﬁaniﬂxr@unﬂ&ﬂmxmedoumtansNM@E(W4Gmmﬁrseersngl 46.
ei t her using sel t g e

di scussed above g? ﬁec?yﬁsekﬁé@r 5@%@%&:\% ﬁsé{%ﬁg ?ggég rbq{’%lodnnggﬂm
resistors formédtha tﬁeusehlc@ﬁ@@@tomnﬁneﬁekmveﬂmdertangtmglFlgdeSﬁlaatlon
schematic bl ock ¢ fgﬂ&@%ﬁhs%ﬁw |OAR01 £ 2380 ume 4 £O4GY 51098, OF 1t
Fig. 2 in 15 accordance wt resent 1 nvention I s shown.

essentially take§h@1hbdplhw:er©€0ﬁnyzé¢l FrBtof thhe N Yat €5 oﬁt%‘iﬁiﬁ%waﬁdlo’ghe
In Fig. 3, |ogichgrdetsodesyliRed %ﬁx&hQPQQaéﬁ 5@9 aces nb¥ht hhughehd

may under standably al so repl ace gates ogi c provi des an
inverter 24z, a NANEHatxE ZAQC&ﬁéIO&SN@P gé(f@ci%B ‘Fhecl*%l& B sP@ﬁQI be

on line 205 isopioppgated hadt keeNAMAd MR gaf esf dhenseletlersi ¢, ,i s
propagated via |jne 263 %fi% e NOR gate and through inventor 241 to t he

NAND gate. Logi ct23=Her 25 transi stor 230 (anal ogous to CMOS
transistor 130) to beImraeebaﬁeﬁlceuwlﬂthhaheapsiegaalt ey ebe idni, veorentar tald

cl ock signal output 0 V%ll t tipn s sheen, de ri

connecti gn wth é;flpe iC le?ﬁeorceﬁ rrg‘ralill rée@f a?t \%i’l I ndgr%gt @C%fj%'lothﬁwedt

it is capable(ﬁsdqhtthatnbueY|parmmn pandr&hmsbhppbhaamngn0¢shhﬁununutgut
t

cover any varjtdy CHl?ﬁpi & cgr?al or aflaryatiaps gJa y B uddbng SUC%J OJ."!.d)_\.VU'lQ:glalfllydm

general, the princ the invention an departures
the present discltost®®esadecane Waiarkndinddr 34-8fst dimdy prét fée4pbnetye

art to which theddwepti @dnsi%eshdVd chs2002 oqer&ﬁli?éréiﬁ}j g NAya agpl lagd
to the essential features hereinbefore set forth, and as fall wt t he

scope of the i nPdMSTYE SEnddeRereinitG Bf GHEHpeABEAIRPA s, 1T 2% ‘R)ﬁ%’%hbe
2002 -10 1. A clreeiogtiiizeel tHdCUtte p@@wsﬁmgofapﬁ:bgshmmamél s:ll@t:kumltgnal
having a first t.ransi stor coupl ed b twe one d.an 5 output a
second MOS t ransiéPsF che eb@‘?\ﬁ?enc%la aglut%ﬁ rl t%t?r‘?d s%a£ %oﬂg the
transi stor un|tcﬂamkngnedtﬂsuiﬂ%&%tth&wtbimm aw@pfedrbbtabegepomérFagd 1)
sai d out put and 'érthtf{?s stor ﬁ%’d@l #\%&Q%éﬁg Qutput a gnal
ground; and a c cou61ed to e sai transi sto
tran51tlons lS 1ncreased at these stages. It should also
be recognized that staggering the timing or shape of the
25 clock signals output from the second stage drivers 21-24
creates staggered clock signal transitions throughout clock
tree 10.
The ability to program output clock signals 1is a
function of the design of the drivers (as discussed in more
30 detail below with reference to Fig. 2) and the delivery of
appropriate control signals. While control signals may ke
delivered in many known manners (including tying inputs to
a particular logic state, etc.), in a preferred embodiment,
select lines 60 are provided that propagate signals from
35 control logic 70. Control logic 70 preferably includes one



wherein the sized of the gate of at |east one of said MOS transistors is
different 10 fromthat of the other MOS transistors. 2) The clock driver
circuit of claim1l1, wherein the size of the gate of one of said MOS
transistors in said first transistor unit is different frorﬁﬂi‘/ﬁarﬁhzﬁg t he
gate of one of said MOS transistors in said second transistor unit. 15 3.
The clock driver circuit of claiml1, furthér conprising enable storage

|l ogic that is capable of holding a value for each of said transistor units
that either enables or disables that transistor unit depending on the

value. 20 4. Thg gh@CarudiehMts ﬁd_ra]?ptiﬁ&csﬁﬁr Bat iR Sdontrd (/i bEPIhE 8hiA Jedsters.

third transistor unit having a fifth MOS transi stor coupl ed between power
and sai d out put Tendataregisarh hddehe yaduesoisa deckedringk edledsiorwgmal saligusad peiowand
ground; and wherein at. | east _t of .the. es ,of said first. thraugh .sixt
transistors have a s?efﬁmlnﬁé? Ff&dﬁﬁ?%ﬂ‘?&%%ﬁ?ﬁﬁ@fﬂ hepck ?15?1’2id§‘tv Cé’.cuﬁg'lag.
The driver . ciriglcéor8ince lwaihthé prebat: ihiRAtiGPRRAGWhH. NBadORUhOHrivRP £, 11084, 31-36,
prograns said enable storage logic with the enable or disable value of each
of said trans$ sandréledf may bécodfigaredrtp ursludgidriver ¢irayft O0ailtvissipt ndvessaimntosai d

i nput is configur to r jve.a _clock S] |, .and. sai.d.output . fanouts to
a plurality of Pﬁg‘gﬁg’{“’?‘ﬁa &&Lpgé%r%@g og{pggﬁia{agpﬁrﬁg S’ggéﬁ%%%ﬁf %*fﬁe
2002 -11 have afuffep@®in $olecels.aNsd plefirredNhéweviehahat@Be fehbdrivedCoradetsl R agbsetsWO
M5 transistors coupled like said first and second transistors. 7. The

driver circuit tbereef aiF spafizured torRspvido BPBFASIARPIS PYIPUHCARBCETHICS: coupl ed to at
| east 5 one of sal dr-‘igai‘glﬁﬁﬂés it drdver Biredh AP 23 o?'n%ﬁihp}‘&:;g&”
., conpr frr oC

circuit for an integrated Circul rsing: a st “stage c si gnal
driver circuld daprisiggaMOScansisgtsal 10, 1R0u30antbpeodna ¢contbisedaildogit ageh as an

citoui ts each HAPHOFEKE 6idrial. Bipit comirdanguse orbe Mkt B "

input of each mnsistors 112,122,132 and 113,123,133, respectively, to control current flow
therethrough. An input clock signal is delivered online 105 to each of the AND gates,
Another input to each of the AND gates is a select line such as one of the select lines 60

15 of Fig. 1. Each of the select lines 60 preferably includes a plurality of individual
transistor control lines. Three control lines 161-163 are shown in Fig. 2. A three bit
representative selection signal of "101" is indicated as being delivered by these lines. The
value 101 (or other value delivered by the control lines) is stored, for example, in the data
register of control logic 70. '

20 The output of each CMOS transistor is coupled to a common output line to which
load 150 is coupled. The circuit or other componentry driven by driver circuit 100 is
represented generally by load 150. Each [oad has an appreciable capacitance associated
therewith and this



of .said second stage clock signal driver circuits being connected to the
output of said first stage clock signal driver circuit, and a plurality of
third stage circuit groups each including a plurality of third stage clock
signal driver circuits that each have a cl gck signal |nput t t he
input of 1 S each of the third stage clock?5|gnal driver C|?Qﬂ|ﬁ§‘gbbg
given third stage circuit group being connected to the output of one of
sai d second stage clock signal driver circuits; wherein the clock signa

dri ver ciroui ts ofsaid pecond ud Lhird stage gagh.ipciude s gorallsle cor

arrangenent of at H6ast q a secon nsi's Uni 1 Arst
transi stor unit liddcluding a first MOS transi stor coupl ed bet vveen power and

an out put and a seco%dl:_i% %%ckr%fﬁ]ﬁl%f n§?5§5§9“%t ?.%u%w&ddowgug ahd

ground) and said second transistor a“thi transi stor
coupl ed bet weenop&®8r Jalnkisaratesut agt havdng fd)u@fhsm%ﬁéﬁm@‘{ﬁ Eotipl edn

bet ween sai d gutayt 1@)d thecwdc;L@cknggﬁwskh%qumﬂio%'&%A@ps chECUietoff

claim8, further 1ncludes progranm ng logic coupl ed to each of said
transi stor unit3PPREET prRAFIRAC W Oh 6?“-”%’% tqranéfg@bﬁ’-g uireasaté c8gabl edhe

tlg Thte cl ?thskeﬁﬁaegl Séd.ﬂ];rté%s OBngll rc%?\k&ﬂfecpf Fﬁhﬁbﬂtﬁor%%{jﬁ Nat %@E@t obt
e gate of at least one of sai ransi stors in eac iver . circuit in
sai d second andH'FﬁF d18t g sodf:%% RO ARt Hatedte Cgmtéy ot NRRESRE heF

MOS transi stor Spaﬁathaicsaﬁeldltaneé dinr cn}uet .clock signals current path and

. AR. ASN3. A3. AL 7 R, Aul >N8HKVx - Zwy +
| wr mhc”Y] caj ¢ ]E é%%&b%%ﬁggg] ig?‘cﬁﬁ%{%a Cg] caj ca] )éa] \(,3\%/.] c\z;] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] c”a] c@j.cca}ta] d‘D@] c'l[:&m}ﬂﬁél( selection of the value of

$-3-882%2) xr rmcicafcaf‘%f kol cepdog] sapaal ol eakeaheakeahoolenli] calge

] ca] ca] caJ ca] ca ajcalcajJcalc
AL n"$| w mheY] »a]‘éeﬁ])ca]a@ai] céljll-:%] @@]Mt@éj c’éﬂlbléﬁ c&}baﬁl@d@?b@%f@a}%aﬁé&}’loaﬁf@]
ca] ca] Ca] ca] Ca]&&l&@ﬂ@ﬂ C@% C“&lialfc?dcﬁ] & r@a$E&&) hH Kind™ *donstant  that

+++, , T-Xo------ /t///{vql b] X] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca]
. ca] ca] ca] ca] é%l]‘%%‘]%?ﬂlé'eﬁ%a] % a] E8PES] caPEa] cdtd caftdped! / / F13982233UAM 4
4444444455( 5, SRR abbihbd W mhedeY] b@@b@@l@ﬁ] Ga cadtadea raUlrgalCad s teal ted]

cal ca] cal cal cal calcal ca] cg] eal eal gal eal.eal 63l qalaaleal calga! SONSS T TBdgps
>\ >>}l xsnid_Z] ] ]a:xajrraa]] C &) stia] icalsca] ca]Tm] captafoaficaand) cn] c@&cae}cta]aﬂa:]cﬂa]

212723 ———
S xent Sa]zfﬂsﬁ%] %] 5}%} AaLA B B TR p oo DRSS e s
ca] ca] ca] ca] ¥&]asdjad@k aladiajeca) ca] ca] ca>NbCL10%<&' () -! x" 3" 10% <I| <& () @al 0%
& ()- 10%& ()-s 10%§§féﬁrfhg more specifically to the embodiment of Fig.

2, select/control lines 161163 permit a user to
selectively enable CMOS transistors 110,120,130. Each
enabled CMOS transistor effectively functions as a voltage

25 divider with the necessary resistive components being
provided primarily by the surface area dependent resistance
value of the gate(s). Accordingly, 1if the three CMOS
transistors have the same size gates (i.e., the same
resistive values), then a designer may select between three

30 possible resistive values, those values provided by enable
one, two or three of the transistors. Alternatively, the
CMOS transistors may be configured such that one or more
have differently sized gates. For example, 1if each of
transistors 110,120,130 have a diffarent sized gate, then

35 a designer may select from amongst seven possible resistive
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their selection signal as propagated on lines 161-163 1in
parentheses): 110 (101), 120 (010), 130 (00Ll), 110+120
(110), 110+130 (101), 120+130 (01ll) and 110+120+130 (111).

It should also be recognized that while the present
invention is shown in Figs. 2-3 in a CMOS embodiment, it
may also be implemented in an NMOS or PMOS setting, either
using selectable NMOS or PMOS trahsistors arranged
generally as discussed above or selectable NMOS or PMOS
transistors in combination with resistors formed in the
semiconductor material.

Referring to Fig. 3, a schematic block diagram of
selection logic 231 for use in circuit 100 of Fig. 2 in
accordance with the present invention is shown. Logic 231
essentially takes the place of any or all of the AND gates
of circuit 100. In Fig. 3, logic 231 is described as
though it replaces gate 131, though it may understandably
also replace gates 111,121.

Logic 231 provides an inverter 241, a NAND gate 242
and a NOR gate 243. The input clock signal on line 205 is
propagated to the NAND and NOR gates. The select signal is
propagated via 1line 263 to the NCR gate and through
invertor 241 to the NAND gate. Logic 231 permits CMOS
transistor 230 (analogous to CMOS transistor 130) to be
tri-stated such that a signal may be driven into the clock
signal output 250.

While the invention has been described in connection
with specific embodiments thereof, it will be understood
that it is capable of further modification, and this
application is intended to cover any variations, uses, or
adaptations of the invention following, in general, the
principles of the invention and including such departures
from the present disclosure as come within known or
customary practice in the art to which the invention
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1. A clock driver circuit, comprising:
a first transistor unit having a first MOS transistor coupled between power and an
5 output and a second MOS transistor coupled between said output and ground;
a second transistor unit having a third MOS transistor coupled berween power and
said output and a fourth MOS transistor coupled between said output and ground; and
a clock signal inpurt coupled to each of said MOS transistors;
wherein the sized of the gate of at least one of said MOS transistors is different

10 from that of the other MOS transistors.

2, The clock driver circuit of claim 1, wherein the size of the gate of one of said
MOS transistors in said first transistor unit is different from the size of the gate of one of
said MOS transistors in said second transistor unit.

15
3. The clock driver circuit of claim 1, further comprising enable storage logic that is
capable of holding a value for each of said transistor units that cither enables or disables

that transistor unit depending on the value.

20 4. The clock driver circuit of claim 3, further comprising a third transistor unit
having a fifth MOS transistor coupled between power and said ocutput and a sixth MOS
transistor coupled between said output and ground; and

wherein at least two of the gates of said first through sixth transistors have a size
that is different from the other transistors.

25
5. The driver circuit of claim 4, further comprising control logic that programs said

enable storage logic with the enable or disable value of each of said transistor units.

6. The driver circuit of claim 5, wherein said input is configured to receive a clock

30 signal and said output fanouts to a pluralicy of at least four clock driver circuits that each
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like said first and second transistors.

7. The driver circuit of claim 1, further comprising tri-state logic coupled to at least

one of said transistor units.

8. A clock signal distribution circuit for an integrated circuit, comprising:

a first stage clock signal driver circuit having a clock signal input and output;

a second stage circuit group including a plurality of second stage clock signal
driver circuits each having a clock signal ioput and output, the clock signal input of each
of said second stage clock signal driver circuits being connected to the output of said first
stage clock signal driver circuit, and

a plurality of third stage circuit groups each including a plurality of third stage
clock signal driver circuits that each have a clock signal input and output, the input of
each of the third stage clock signal driver circuits of a given third stage circuit group
being connected to the output of one of said second stage clock signal driver circuits;

wherein the clock signal driver circuits of said second and third stage each include
a parallel arrangement of at least a first and a second transistor unit, said first transistor
unit including a first MOS transistor coupled between power and an output and a second
MOS transistor coupled between said output and ground, and said second transistor unit
including a third MOS transistor coupled between power and said output and a fourth
MOS transistor coupled between said output and ground.

9. The clock signal distribution circuit of claim 8, further includes programming logic
coupled to each of said transistor units that programs which of the transistor units are

enabled.

10.  The clock signal distribution circuit of claim 8, wherein the size of the gate of at
least one of said MOS transistors in each driver circuit in said second and third stages is

different from that of one of the other MOS transistors in that same driver circuit,



